Fabrication of LSPR Sensor Using Porous Titania-Glass Composite Loading Au Nanoparticles by Photocatalytic Deposition Method  by Akagi, Makoto et al.
 Procedia Engineering  36 ( 2012 )  154 – 159 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.03.024 
* Corresponding author. Email address: yasumori@rs.noda.tus.ac.jp 
IUMRS-ICA 2011  
Fabrication of LSPR Sensor Using Porous Titania-Glass 
Composite Loading Au Nanoparticles by Photocatalytic 
Deposition Method 
Makoto Akagi1, Sayaka Yanagida1, 2, and Atsuo Yasumori1, 2* 
1 Department of Materials Science and Technology, Tokyo University of Science, Chiba, Japan 
2Research Institute for Science and Technology, Tokyo University of Science, Chiba, Japan 
Abstract 
The porous composite, which consists of the titania nanoparticles of anatase phase and silicate glass, was prepared by 
use of simple molding and sintering processes. Au nanoparticles were photocatalytically deposited inside the porous 
composite. In the diffuse reflection spectra of the porous composite loading Au nanoparticles, the LSPR peak owing 
to Au nanoparticles was clearly observed. The LSPR peak wavelengths showed good relationships to the refractive 
index of the impregnated liquid. The sensitivities obtained from the relationships were different between the organic 
solvents and the sucrose aqueous solutions. The porous composite loading Au nanoparticles has great possibility of 
fabricating effective bio and chemical sensors.  
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1. Introduction 
Metal nanoparticles have particular optical properties, which differ from those of the bulk metals. One 
of such property is a localized surface plasmon resonance (LSPR). A LSPR is an interaction between 
incident light and free electrons in metal nanoparticles and the metal nanoparticles absorb specific 
wavelength of the incident light [1, 2]. The optical absorption owing to the LSPR strongly depends on the 
dielectric property, or the refractive index, of the surrounding medium of the metal nanoparticles [3-5] 
and we can detect a slight change of the refractive index as the change of the LSPR absorption 
wavelength. Au nanoparticles are expected to be widely applied to bio and chemical sensor devices [6, 7] 
because the Au nanoparticles exhibit obvious LSPR absorption in the visible range (500-600 nm) and 
have high biocompatibility and chemical stability. The LSPR sensor device needs only the absorption 
spectrum which can be measured by a simple optical apparatus such as a conventional spectrophotometer. 
This is another advantage of the LSPR sensing device compared with the conventional surface plasmon 
resonance (SPR) sensors using a reflectometry measurement [8, 9], because such SPR sensors require a 
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sophisticated optical instrumentation associated with the reflection angle detection system to detect the 
change of the refractive index caused by the target substance.  
There are many studies on the LSPR sensor in which Au nanoparticles are combined with transparent 
supports such as a glass substrate [10-12]. However, one of the problems in this system is the weak 
adhesion between Au nanoparticles and the glass substrate. The stabilization of Au nanoparticles on the 
support is necessary to improve for the actual sensor application. Another considerable point is to develop 
the simple and low-cost preparation process because the sensor chip should be used as a disposable one 
especially for the bio and medical sensing. Therefore, the fabrication of the LSPR sensor chip by use of a 
simple process accompanied with a low manufacturing cost is very important issue.  
In order to achieve such sensor chip, we prepared the porous composite by use of simple molding and 
sintering processes of titania nanoparticles of anatase phase and silicate glass particles. The photocatalytic 
deposition method [13-15] owing to the titania nanoparticles was applied to deposit the Au nanoparticles 
inside the porous composite. The advantage point of this porous sensor chip besides the simple and the 
low cost process is that it can retain liquid target during a sensing process. In this study, the glass-titania 
porous composite loading Au nanoparticles was prepared and the LSPR sensor properties of the obtained 
composite were examined for various organic solvents and sucrose aqueous solutions of different 
concentrations. 
2. Experimental 
2.1. Preparation of porous titania-glass composite loading Au nanoparticles 
The silicate glass powder was prepared by using conventional melt-quenching and grinding processes. 
The composition of the silicate glass was 12.5Na2O-12.5K2O-10CaO-5ZnO-3Al2O3-17B2O3-40SiO2 
mol% which was selected because of its low glass softening temperature at around 570qC in order to 
avoid titania phase transition from anatase to rutile during the sintering process. The sieved glass particles 
of 45-106 Pm and the titania fine powder of anatase phase (crystallite size = 20 nm [16], Ishihara Sangyo, 
ST-21) in a mass ratio of 95:5 were mixed with distilled water by use of an ultrasonic homogenizer 
(Digital Sonifier, BRANSON Ultrasonics). The obtained slurry was injected into a PMMA cylindrical 
container (I 12 mm and h = 10 mm) and was dried at 60oC for 4.5 hours. The molded rod sample was 
sintered at 570oC for 1 hour, and then cut into a discoid shape of about 1 mm in thickness. The obtained 
porous composite was soaked in a mixed solution of 25 mL of 20 ppm aqueous solution of HAuCl4 and 
2.5 mL of ethanol in a petri dish, and subsequently it was exposed to the UV light irradiation for 1 hour, 
of which power density was 0.5 mW/cm2 at 365 nm. During photocatalytic deposition, the solution 
temperature was kept at 5oC in the ice-cold water bath. In this process, the Au3+ ions were 
photocatalytically deposited as Au metal nanoparticles on the surface of titania of the composite. The 
obtained porous composites loading Au nanoparticles were washed with distilled water and dried in air.  
2.2. Characterization of the porous titania-glass composite samples 
The porous composites before and after the photocatalytic deposition process were observed by use of 
a field emission scanning electron microscope (FE-SEM, Hitachi S-4200) to examine the porous structure. 
The porosity of the porous composite was estimated from the water absorption ratio at 5oC. The X-ray 
diffraction (XRD) patterns were measured to identify the crystalline phase of the bulk samples using an 
X-ray diffractometer (SHIMADZU LabX XRD-6100, Cu-KĮ radiation). The surface components of the 
samples were measured by Energy dispersive X-ray spectroscopy (EDX, AMETEK EDAX Genesis XM2) 
connected to the FE-SEM. 
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2.3. Characterization of the LSPR properties 
The changes of the LSPR absorption of the sample depending on the impregnated liquid were 
examined for various organic solvents and sucrose aqueous solutions of different concentrations. All 
organic solvents and the sucrose grain used in LSPR spectra measurements were special reagent grade 
chemicals (Wako pure chemical industries), and the sucrose solutions were prepared by use of distilled 
water. The refractive indices of the organic solvents and the sucrose aqueous solutions were measured by 
use of an Abbe refractometer (ATAGO NAR-1T) at room temperature (22oC). The organic solvents, the 
sucrose aqueous solutions and their measured refractive indices were shown in Table 1 and 2, 
respectively.  
The visible range diffuse reflection spectra of the composite disk samples, which correspond to their 
absorption spectra, were measured by use of an apparatus which consists of a dark-field illumination 
optical microscope (Olympus BX60) and a multichannel spectrophotometer (Soma Fastevert S-2431). A 
halogen light was used as the light source covering visible range of the spectrum. The LSPR absorptions 
of the composite samples were characterized by their diffuse reflection spectra after the sample disk was 
impregnated with various organic solvents or the sucrose aqueous solutions. The spectrum of the porous 
titania-glass composite disk before Au loading was taken as the reference in advance.  
Table 1 & 2 Refractive indices of the organic solvents (Table 1) and the sucrose aqueous solutions (Table 2) measured by use of an 
Abbe refractometer at room temperature (22oC). 
Table1 
Organic solvent Refractive index nD22 
methanol 1.3291 
distilled water 1.3326 
ethanol 1.3612 
2-propanol 1.3760 
toluene 1.4954 
 
 
 
 
Table 2 
Sucrose concentration 
(mol/L) 
Refractive index nD22 
distilled water 1.3326 
0.1 1.3374 
0.2 1.3422 
0.3 1.3472 
0.4 1.3521 
0.5 1.3573 
0.6 1.3618 
 
3. Results and Discussions 
3.1. Structure and crystalline phase of the porous titania-glass composite 
The FE-SEM image of the porous titania-glass composite before Au loading is shown in Fig. 1. The 
titania and glass particles were sintered partially because the voids of about 30-90 Pm remained in the 
samples. The porosities of the composites were about 40 % in all samples. These results indicate that the 
porous titania-glass composites have sufficient liquid absorbability as the easily-measured LSPR sensor 
chip. 
The XRD patterns of the samples before and after the sintering are shown in Fig. 2 (a) and (b), 
respectively. All the diffraction peaks of the patterns before Au loading were assigned to titania of anatase 
phase. Other diffraction in the range of 2T= 20-35o were halo from the glassy phase and the weak peak 
from the adhesive tape used for holding the sample on the sample stage. This result shows that the 
composite after the sintering at 570qC still retained photocatalytic active anatase phase. 
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Fig. 1 FE-SEM image of the porous titania-glass composite 
before Au loading. 
Fig. 2 XRD patterns of the samples (a) before and (b) after 
the sintering and (c) after loading Au nanoparticles. 
  
After the porous titania-glass composite was soaked in the HAuCl4 aqueous solution and was exposed 
to the UV light irradiation, the white color of the composite turned into red-violet color. The XRD pattern 
of the sample was shown in Fig. 2 (c). Because the diffraction peaks of anatase and Au were close each 
other at near 2T=38.6o and 38.2o, it is difficult to distinguish them clearly and to confirm the 
precipitation of Au nanoparticles from the XRD results. Then, the surface components were analyzed by 
using the EDX plane analysis. The distribution of the dots from Au element was seen at the same 
positions of those of Ti element. This result shows that Au nanoparticles were photocatalytically 
deposited on the titania particles in the porous titania-glass composite. 
  
Fig. 3 Diffuse reflection spectra of the composites with and without impregnation of the organic solvent, (a) air, (b) methanol, (c) 
distilled water, (d) ethanol, (e) 2-propanol, and (f) toluene, respectively. 
Fig. 4 Diffuse reflection spectra of the composites with and without impregnation of the sucrose aqueous solution, (a) air, (b) 
distilled water, (c) 0.1 mol/L, (d) 0.2 mol/L, (e) 0.3 mol/L, (f) 0.4 mol/L, (g) 0.5 mol/L, and (h) 0.6 mol/L, respectively. 
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3.2. LSPR properties of titania-glass composite loading Au nanoparticles 
The diffuse reflection spectrum of the porous titania-glass composite loading Au nanoparticles without 
liquid impregnation is shown in Fig. 3 (a) and Fig. 4 (a). The broad absorption was observed caused by 
the LSPR of Au nanoparticles of which peak top wavelength was at around 545 nm and was almost 
similar to that of the reported one [17]. This LSPR absorption shows the nano-sized Au particles were 
precipitated in the composite. 
The diffuse reflection spectra of the porous composites which were impregnated with various organic 
solvents were also shown in Fig. 3 (b)-(f). These spectra show that the peak wavelength shifted toward 
longer wavelength as the refractive index of the solvent around the Au nanoparticles increased, and this 
behavior is the typical properties of the LSPR phenomenon. The diffuse reflection spectra of the porous 
composites which were impregnated with the sucrose aqueous solutions were shown in Fig. 4 (c)-(h) with 
the same spectrum of distilled water as shown in Fig. 3 (c). A similar red-shift of the LSPR peak 
wavelength was found with increase of the refractive index of the solutions. 
Fig. 5 shows the change of the peak wavelength against the refractive index of the impregnated liquid 
(nD22). As expected from the LSPR theoretical equation [18], a linear relationship (correlation coefficient, 
R = 0.981) was observed between the peak wavelength and the refractive index of the impregnated 
organic solvent in the range of nD22=1.3291-1.4954. This linear relationship gave a sensitivity as the 
wavelength shift per unit refractive index; 61 nm/ RIU (RIU: refractive index unit). In the case of the 
impregnation of the sucrose solutions, a linear relationship (R = 0.990) was also clearly observed, and the 
sensitivity of the sample for the sucrose solutions was 160 nm/RIU in the range of nD22=1.3326-1.3618. 
This difference of the sensitivities of the porous composite for the organic solvents and the sucrose 
aqueous solution suggests that the influence of the surrounding dielectric environment of Au 
nanoparticles is dominant in the series of the substances which have similar chemical nature, however, the 
dielectric character of the adsorbed molecule state to the Au nanoparticles in diluted condition such as 
sucrose aqueous solution is possible to differ from that of the high concentration state. 
The prepared porous titania-glass composites loading Au nanoparticles could detect the slight change 
in the refractive index of the liquid sample and show the good linear relationship between the peak top 
wavelength and the refractive index. Besides, a more effective sensor is expected to be made by taking 
advantage of the difference of sensitivity against the particular molecule series. Therefore, the composite 
has a potential to fabricate a bio and chemical sensor having a simple detection and a probably low cost 
preparation process by addition to the appropriate acceptor on the surface of Au nanoparticles for the 
target substances. 
 
 
 
 
 
 
 
 
 
 
 
 
. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Change of the LSPR peak wavelength against the refractive index of the organic solvents (Ɣ) and the sucrose solutions 
(ż). The solid- and dot-lines are linear fitting ones of the each experimental data 
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4. Conclusions 
The porous titania-glass composite was formed by use of simple molding and sintering processes of 
titania nanoparticles and silicate glass particles. The obtained porous composite had sufficient liquid 
absorbability to retain it during a sensing process. By photocatalytic deposition method, the Au 
nanoparticles were able to be photocatalytically deposited to the porous titania-glass composite. 
The typical LSPR property was observed on the diffuse reflection spectra of the porous composite 
loading Au nanoparticles. The LSPR absorption spectra of the porous composite impregnated with 
various organic solvents and sucrose aqueous solutions showed linear relationships between the peak top 
wavelength and the refractive indices of the liquids. The sensitivities obtained from the relationships were 
different between the organic solvents and the sucrose aqueous solutions. 
Therefore, the porous composite loading Au nanoparticles has great possibility of fabricating bio and 
chemical sensors by addition to the appropriate acceptor on the surface of Au nanoparticles for the target 
substances and another effective sensor is expected to be made by taking advantage of the difference of 
sensitivity against the particular molecular series. 
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